border is similarly transient; it is first apparent at 90% epiboly, and by the 5-somite stage, the pattern is completely extinguished.
Because a distinct concentration of BMP activity specifies cell fates at the neural-plate border [7] [8] [9] [10] , we next examined whether the expression of ubo in this region is regulated by a critical threshold of BMP signaling. In line with their loss of the NC and the RB neurons, we found that in swr embryos, ubo expression is specifically absent in cells at the border between the neural plate and the nonneural ectoderm ( Figures 1G and 1H) . On the contrary, in embryos mutant for the chordino (chd) gene, which encodes the neural inducer and BMP antagonist, Chordin [16] , the shape of the BMP gradient is altered such that the epidermis is preferentially enlarged with an associated reduction in the size of the neural plate. Consistent with this change in the levels of BMP signaling in chd embryos, we observed a distinct expansion of the domain of ubo expression at the lateral edge of the neural plate ( Figure 1I ).
Ubo Activity Is Essential for the Specification of the NC Cells
The expression of ubo at the neural-plate border led us to investigate whether its activity could be required for the generation of the NC and RB cell types that derive from this region. Because alterations in the levels of N demonstrated that a "knock down" of Ubo protein activ-3C and 3E). By contrast, in ubo mutant embryos, dramatically reduced numbers of the RB cells were detectable ity through the inhibition of its pre-mRNA processing with splice-site-directed antisense morpholino oligonuat this stage ( Figures 3D and 3F) . Acquisition of the RB fate is first evident as high-level expression of the procleotides (MOs) can result in an enhancement of the slow-twitch muscle cell type specification defects when neural gene ngn1 in single cells at the border of the neural plate and epidermis as a result of lateral inhibition compared to the phenotype that is apparent in the ubo mutants themselves [5] . In line with this view, the NCmediated by N signaling [3] (Figure 3G ). We observed that this pattern of ngn1 expression was specifically specific expression of sna2 as well as foxd3 was undetectable in ubo morphants (wild-type embryos injected eliminated in ubo embryos ( Figure 3H ), indicating that like the NC, it is the earliest event in the specification, with splicing inhibitory MOs) ( Figure 2C and data not  shown) . We conclude that a substantial reduction of rather than subsequent differentiation of the RB neurons, that is compromised in the absence of wild-type Ubo activity is sufficient to completely eliminate the early specification of the trunk as well as cranial NC cells.
(E-H) Wild-type (E and G) and ubo (F and H) embryos at 24 hr postfertilization (hpf) stained with antiacetylated tubulin (E and F) and anti-Isl antibodies (G and H) showing the relative sizes of the trigeminal ganglion (arrows in [E] and [F]). (I and J) Lateral view of the spinal cord of a wild-type (I) and an
Ubo activity. (Figures 2A and 2D) . However, is unsurprising that ectopic Ubo exclusively instructs unlike the trunk NC, the cranial NC cells do not arise formation of supernumerary RBs because realization from an equivalent group of precursors in response to of the NC fate will additionally require the influence of N activity [2] . Despite this scenario, we did not observe appropriate levels of N activity amongst the expanded any obvious increase in the cranial NC population on population of progenitor cells. misexpression of Ubo ( Figures 4C and 4D ), indicating that its activity plays a critical but permissive role in the Conclusions specification of the trunk as well as cranial NC fate. We have adduced several lines of evidence that underscore a central role for the zebrafish blimp-1 homolog,
Ubo Is Instructive for the Specification
In the zebrafish, although there is no clear indication Our study provides a developmental and genetic perspective for this intriguing hypothesis that associates
